It has been known for many years that the administration of large loads of sodium chloride, either orally (2) or by infusion of isotonic (3, 4) or hypertonic (5-10) saline produces a disturbance in acid-base equilibrium of the blood as evidenced by a fall in total carbon dioxide content of the plasma or implied by a fall in the difference between the concentrations of sodium and chloride in the plasma. In the relatively few instances in which blood pH has been recorded, acid values have been found (4, 8, 10) .
The mechanism of the acidosis produced by a load of sodium chloride has received only scant attention. Peters and Van Slyke (11 ) commented that the acidosis must in part be due to dilution of the blood. Shires and Holman (4) adopted a similar viewpoint and coined the term "dilution acidosis." They pointed out that whereas dilution of a bicarbonate-buffered solution in vitro with saline would not produce a fall in pH, dilution of the extracellular fluid in vivo with isotonic saline would, for with continuing production of carbon dioxide, the dilution would affect only the bicarbonate concentration. Presumably after administration of hypertonic saline, dilution of extracellular bicarbonate occurs because water is osmotically shifted from the intracellular compartment. If there were no change in Pco,, extracellular pH would fall providing the diluting fluid is poor in bicarbonate. Such a conclusion is clearly implied in the work of Wolf, McDowell, and Steer (7, 8) on the osmometric behavior of the body fluids. Indeed in several of their experiments (8) an acidosis was documented but was not further commented upon.
Recently Sotos, Dodge, and Talbot (10) have shown the possibility of additional factors in the pathogenesis of the acidosis. They infused intact rabbits with large loads of hyperosmotic solutions of sodium chloride, sucrose, and urea and observed a severe metabolic acidosis. They concluded that the acidosis was due mainly to a release of acid from the cells into the extracellular fluid presumably indicating a disturbance in cellular metabolism secondary to hyperosmolality of the body fluids. The renal losses of bicarbonate and the preterminal respiratory depression were additional factors in the production of the acidosis.
The purpose of the present experiments was to study quantitatively in the dog the mechanism of the acidosis that follows administration of moderate hyperosmotic loads of sodium chloride and mannitol. The animals were nephrectomized, and arterial Pco2 was held nearly constant by mechanical ventilation, conditions which avoid the complicating factors of renal and respiratory changes.
Methods
Mongrel dogs were fasted and deprived of water for 24 hours before the experiments. The In the construction of Figure 3 and Figure 4 To calculate the reference lines in Figure 3 .00
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A~õ 4t O07o6 (Table IV) Figure 3 against which the observed dilution ratios for bicarbonate are compared. Conversely, any given dilution ratio for bicarbonate fixes a specific value for V, providing there are no shifts of bicarbonate into or out of the extracellular fluid. In Table IV In all dogs receiving hyperosmotic saline, the concentrations of sodium and chloride in plasma (Table II) , the degree of rise bearing a close relationship to the load of solute infused (Figure 1 ). Acid-base data from these 11 dogs demonstrated that in every experiment total CO2 content and blood pH fell, but because of the design of the experiments there were only small and inconsistent changes in plasma Pco2. The variation in the degree of fall of [HCO3] e and of blood pH is in great part explained by the variation in the load of solute infused (Figure 2) .
The effects of infusing hyperosmotic mannitol in five dogs are also shown in Table II osmolality rose in these experiments while the concentrations of sodium and chloride in plasma fell markedly. Figure 1 shows the relationship between changes in osmolality, [Na] (7, 8) . In nearly all experiments of the present study the osmotic distribution of sodium was within the range of 60 to 65 % of body weight (Table IV) Figure 3 shows the expected fall in the concentration of an inert solute confined Other abbreviations as in Table I . to initial volumes of the extracellular fluid of 20, 25, and 30% of body weight. These values were chosen, since they span most of the reported volumes of distribution of different so-called "extracellular" substances in the dog (22). The points plotted on this figure represent the "corrected" bicarbonate concentration for the 11 sodium chloride experiments and for the 5 mannitol experiments. In all cases these observed points fall within the range of 20 to 30% of the body weight. From these data the value for Ve in each experiment can be calculated (see Table IV ) on the assumption that the fall in "corrected" bicarbonate concentration is due entirely to dilution and that there are no transfers of bicarbonate between the intracellular and the extracellular spaces. In the sodium chloride experiments the mean value obtained for Ve was 23.8 + 0.8% of body weight, whereas in the mannitol experiments it was 22.9 + 1.0%. This difference is not statistically significant.2 -2All of the above calculations ignore the small effects on bicarbonate concentration of the continuing production of acid which could not be excreted because of the nephrectomy. In 11 subsequent experiments, this effect has been quantitated by serial study of the acid-base equilibrium of blood under conditions duplicating those These values for the initial volume of extracellular fluid calculated from the data on the bicarbonate dilution are not unreasonable. They are higher than the values usually reported (22) for inulin space in dogs (approximately 15 to 20% of the body weight) as might be expected, since inulin does not penetrate the water of connective tissue unless there is a prolonged period for equilibration (24, 25) . On the other hand, they are generally lower than the average figure of about 30%7 of body weight for bromide or chloride space observed in dogs (22). This difference may indicate the penetration by chloride or bromide of compartments of the body water that are not readily available to extracellular biemployed in the present study except that no infusions were given. Over a period of 75 minutes, the magnitude of this effect expressed in terms of the change in standard bicarbonate concentration of the plasma (23) was -0.25 ± 0.21 mEq per L. In the sodium chloride and mannitol experiments, the magnitude of this effect upon bicarbonate concentration would be even less and dependent upon the degree of dilution induced. At relatively small osmotic loads (e.g., 20 mOsm per kg body weight) ignoring this effect overestimates the fall in bicarbonate concentration attributed to dilution alone by about 8%, whereas at higher osmotic loads (e.g., 36 mOsm per kg body weight) the error is about 4%O.
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carbonate and in addition may reflect the fact that the connective tissue water has a higher chloride concentration than does an ultrafiltrate of plasma (25, 26) .
In all of the calculations presented above it has been assumed that there were no shifts in bicarbonate between the extracellular and intracellular compartments as the result of the infusions. Such an assumption may not be fully warranted, but in the absence of any precise independent method for measurement of initial extracellular bicarbonate space, the direction and extent of possible bicarbonate shifts cannot be ascertained. However, if one This calculation is illustrated in Figure 4 for a single large load of sodium chloride. Under the (Table   IV) . From V.'/V, the "corrected" [HC03] . for each column was calculated by using the value for initial [HC031. as above. The amount of "new" (HCO3). was computed as outlined in the section on Calculations and was converted to a concentration using the value for V,,'.1 rather extreme conditions selected, bicarbonate shifts into or out of the extracellular fluid could have occurred, but in no instance does the magnitude of possible bicarbonate shifts approach the degree of fall in bicarbonate concentration observed. It, therefore, seems fair to conclude that dilution is the most important factor conditioning the acid-base status following infusion of hyperosmotic saline. Recalculation of the previously published acid-base data of McDowell and coworkers (8) also gives results generally supporting this concept of the pathogenesis of the acidoSiS.
The data presented here neither prove nor disprove the hypothesis that the body fluids exhibit perfect osmometric behavior. McDowell and coworkers (8) reported that deviations from perfect behavior occurred under conditions similar to those used in the present experiments. These deviations were in the direction as to suggest that new osmols were generated intracellularly as a result of the infusion of hypertonic solutes. The effect of such "idiogenic" osmols would be to reduce the degree of dilution of the extracellular fluid compared to that expected for a perfect system. With equations given by McDowell and associates (8) and the same initial conditions as in the calculation in Figure 4 , the initial volume of the extracellular fluid would be 23.2% of the body weight rather than the 23.8% calculated from perfect osmometric considerations. This discrepancy is small, and deviations of the magnitude reported by McDowell and co-workers for loads of solute used in the present study (8) would not, therefore, appreciably alter the conclusions reached.
The acidosis observed in our experiments differs in origin from that reported by Sotos and coworkers (10). The two sets of experiments are hardly comparable, however, since Sotos and coworkers used unanesthetized rabbits with intact kidneys (so that consistent expansion of the extracellular fluid was prevented) in which extreme degrees of hyperosmolality were achieved (400 to 500 mOsm per kg water) and in which convulsions, hypotension, and respiratory depression were observed.
One of the implications of the concept of "dilution acidosis" as developed above is that the bicarbonate concentration in the cells should rise as water is lost from the intracellular compartment. If Pco2 remains constant (i.e., with controlled ventilation as in our experiments) then intracellular pH should rise as extracellular pH falls. In other words, "dilution acidosis" in the extracellular fluid should be accompanied by a "concentration alkalosis" in the intracellular fluid.
It seems likely that intracellular pH rose in our experiments, since even in the unlikely case that the bicarbonate transfer from cells was as large as calculated in Figure 4 , the virtual concentration of bicarbonate in the fluid leaving the cells would be about 6.7 mEq per L. This concentration in turn is lower than the estimates of intracellular bicarbonate concentration in muscle water (27) 
Summary
The changes in acid-base equilibrium of blood following the infusion of hyperosmotic solutions have been studied in nephrectomized dogs with Pco2 held constant. The infusion of hyperosmotic sodium chloride or mannitol solutions consistently leads to a fall in plasma bicarbonate concentration and hence in blood pH. The magnitude of the fall in plasma bicarbonate concentration when corrected for erythrocyte bicarbonate readjustrnent and for the effects of nonbicarbonate buffers can be largely accounted for by the magnitude of the osmotically induced transfer of water from the intracellular to the extracellular space. Some transfers of bicarbonate between these two compartments cannot be excluded, but even under rather extreme assumptions, the effect of such transfers on bicarbonate concentration is relatively small compared to the effect of dilution. A corollary of these results is that intracellular pH should rise, since bicarbonate concentration within the cells should rise as water is withdrawn. Although no studies of intracellular pH were performed in these experiments, studies of the acid-base changes in cerebrospinal fluid, another compartment that apparently permits rapid equilibration of water and Pco2 but not of bicarbonate, show that cerebrospinal fluid pH rises as blood pH falls and that this rise is due to an increased concentration of cerebrospinal fluid bicarbonate.
